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Abstract
During adult interactions, behavioral mimicry, the implicit copying of an interaction partner’s
postures and mannerisms, communicates liking and affiliation. While this social behavior
likely develops during early childhood, it is unclear which factors contribute to its emergence.
Here, the roles of inhibitory control and social understanding on 5-year-olds’ behavioral
mimicry were investigated. Following a social manipulation in which one experimenter
shared a sticker with the child and the other experimenter kept two stickers for herself, chil-
dren watched a video in which these experimenters each told a story. During this story ses-
sion, children in the experimental group (n = 28) observed the experimenters perform face
and hand rubbing behaviors whereas the control group (n = 23) did not see these behaviors.
Children’s inhibitory control was assessed using the day-night task and their social under-
standing was measured through a parental questionnaire. Surprisingly, group-level analy-
ses revealed that the experimental group performed the behaviors significantly less than the
control group (i.e. a negative mimicry effect) for both the sticker-sharer and sticker-keeper.
Yet, the hypothesized effects of inhibitory control and social understanding were found.
Inhibitory control predicted children’s selective mimicry of the sticker-keeper versus sticker-
sharer and children’s overall mimicry was correlated with social understanding. These
results provide the first indications to suggest that factors of social and cognitive develop-
ment dynamically influence the emergence and specificity of behavioral mimicry during
early childhood.
Introduction
The characteristics of social interactions are continuously developing during early childhood.
As children’s cognitive skills improve and social experiences expand, children become increas-
ingly able to regulate, plan, and coordinate with interaction partners [1–3]. Importantly, such
interaction behaviors foster beneficial social consequences, such as peer acceptance, liking,
and sharing [4–6]. However, whereas such studies have primarily investigated task-related
interaction behaviors (e.g. imitation and coordination tasks), the early development of implicit
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social behaviors that likely also constitute a part of this social interaction behavior repertoire
remains uncertain. Behavioral mimicry is an implicit behavior thought to develop during early
childhood, but how social and cognitive development contribute to the emergence of mimicry,
and hence mimicry’s role in early social interactions, is unknown.
Behavioral mimicry occurs when interaction partners copy each other’s meaningless behav-
iors (e.g. rubbing one’s face or bouncing one’s foot up and down) without being explicitly
aware of doing so [7]. Adult studies suggest that mimicry is affected by the affiliation goals of
the mimicker [8,9]. If participants want to affiliate with their interaction partner, and especially
when they have failed to affiliate during a preceding cooperation task, they mimic their inter-
action partners more [9,10]. The opposite has also been documented: if participants do not
like their interaction partner, they tend to “negatively mimic” them by decreasing their own
executions of the behaviors performed by their disliked interaction partner [11]. Importantly,
the relation between affiliation and mimicry is bidirectional, as being mimicked leads the
interaction partner to like the mimicker more, making mimicry an effective tool for implicit
affiliation [7,8].
There is some evidence that young children already display behavioral mimicry. In three
separate samples, children performed meaningless behaviors, such as cheek scratching and
mouth rubbing, significantly more while observing a female video model do so than during a
baseline period. While 3-year-olds’ mimicry was unaffected by social manipulations [12,13], 4-
6-year-olds primarily mimicked in-group models [12]. This developmental pattern suggests
that during early childhood the propensity to mimic becomes more and more a product of the
social dynamics of the interaction. It has been put forth that the development of mimicry into
the implicit social behavior found in adult interactions is a function of a broadening social
understanding and improvements in inhibitory control [12].
Broadly speaking, as children’s social experiences increase during early childhood, so too
does their social understanding. This is not only reflected in classic measures of social perspec-
tive taking but is also evident from children’s socially sensitive cognition and behavior. A
range of false-belief tasks show steady improvement between the ages of two and six [14,15].
Individual differences in performance on such social perspective taking tasks are largely stable,
and task performance predicts later peer acceptance [15,16]. Indeed, in adults, mimicry is
related to this measure of social understanding, as individuals who score higher on perspec-
tive-taking mimic more [7,8]. Increasing awareness of the social dynamics of interactions is
further evident in children’s imitative interaction behaviors. Similar to adult mimicry findings,
5- to 6-year-olds imitate in-group members more after being excluded from this group [17].
Correspondingly, particularly 5-year-olds, but to a lesser degree 4-year-olds, display contrast-
ing instead of imitative behaviors in response to out-group members’ behaviors [18]. Chil-
dren’s explicit understanding of social norms also becomes more influential on their own
behaviors with age. While toddlers are already sensitive to receiving an unequal share of
resources and tend to equally share resources themselves when all else is equal, it is not until
middle childhood that children can overcome preferences for resources and interaction part-
ners to enforce the social norm of sharing on their own sharing behavior [19–21]. In sum,
social understanding increasingly influences, and becomes apparent in, children’s cognition
and behavior during early childhood, and hence might be related to the increase of socially
sensitive interactive behaviors such as mimicry.
Alongside a growing social understanding, young children are increasingly able to regulate
their behaviors. A spectrum of inhibitory control tasks show significant improvements
between the ages of 2 and 6 years of age [22]. This increasing inhibitory control seems to
directly influence children’s interaction skills, as during joint actions inhibitory control is
related to children’s accuracy in turn-taking [1]. With respect to behavioral mimicry, these
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developmental improvements in inhibitory control could be related to the social sensitivity of
children’s mimicry that is seen in 4- to 6-year-olds but not 3-year-olds [12]. Hence, it could be
the case that, given a level of social understanding that ensures that a child is sensitive to the
social interaction context in general, a child’s inhibitory control helps her regulate mimicry
such that she is socially selective in who she mimics.
Taken together, behavioral mimicry is a facet of social interactions through which (dis)affil-
iation is communicated. Although there is evidence to suggest that mimicry develops during
early childhood, it is unclear how social-cognitive factors contribute to the emergence of social
mimicry. In the current study, we aimed to investigate social mimicry during early childhood
and the influences of inhibitory control and social understanding on children’s mimicry. To
this end, we designed a partially-live behavioral mimicry paradigm amicable to the use of a
social manipulation.
The setup entailed two female experimenters; the first shared one of two stickers with the
child (i.e. the sharer) while the second decided to keep both stickers for herself (i.e. the keeper).
After this social manipulation, children observed a video in which each experimenter told the
child a story. Stories were used as a means of maintaining the children’s visual attention
towards the experimenters while minimizing the use of objects that could distract children
away from the experimenters. This combination of live interaction and videos was beneficial
for several reasons. The social manipulation was live so that it would be experienced as a mean-
ingful interaction for the children and to guarantee that children knew that the experimenters
were real individuals, making affiliation possible. The videotaped stories ensured that experi-
menters did not implicitly act more friendly to some children, controlled the amount of behav-
iors children were exposed to, and kept the duration of the coded mimicry period constant.
To test mimicry, two groups of participants were used. The experimental group observed
the experimenters display behaviors while telling the stories, whereas for the control group the
experimenters told stories without displaying these behaviors. This between-participants base-
line method ensured that experimental order did not influence behavior prevalence, as the
timing of when during the experiment separate baseline and experimental periods occur could
influence behavior prevalence due to extraneous factors such as fatigue or initial shyness. Also,
arousal during social interactions, particularly in the context of a social manipulation, could be
higher than during nonsocial baselines [11], hence this method kept social arousal constant
across baseline and experimental measures. Furthermore, a between-participants design also
ensured that participants could not experience a contrast of a to-be-mimicked behavior being
absent or present during the stories as would be the case in a within-participants design [23].
Social understanding was measured with the short version of the Children’s Social Under-
standing Scale (CSUS) filled in by the accompanying parent [24]. This scale was selected as it
encompasses multiple aspects of social understanding, such as understanding emotions and
desires, and concerns everyday examples making it more general and ecologically valid than a
standard verbal false-belief task. Inhibitory control was assessed at the end of the experiment
using the day-night task [22,25,26]. The day-night task requires participants to inhibit a prepo-
tent response, namely the association between the sun and the concept day and that between
the moon and the concept night, in favor of an opposing response, saying “day” when seeing a
moon picture and “night” when seeing a sun picture [26].
This design allowed us to test four hypotheses. First, it was hypothesized that, overall, chil-
dren in the experimental group would display behavioral mimicry, which would be evident in
higher behavior occurrences in the experimental group than in the control group. Second, it
was expected that children would mimic sharers but not mimic, or negatively mimic, keepers,
based on previous evidence that children of this age mimic and can do so selectively [12].
Third, the selectivity of children’s mimicry (i.e. the difference between mimicry of the sharer
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and mimicry of the keeper) was hypothesized to be a product of inhibitory control. This effect
was further expected to be mediated by children’s social understanding, since regulating who
you mimic when might require an understanding of who to mimic given the social dynamics.
Fourth, social understanding was hypothesized to be positively correlated to children’s overall
mimicry, because an increasing experience-based understanding of social interactions would
likely lead to increased use of also implicit social behaviors [12].
Materials and methods
Participants
Twenty-eight 5-year-olds (60.6 to 61.8 months; mean = 61.29 months; 14 girls) participated in
the experimental condition. An additional four children participated but were not included in
the final analyses. Two children were excluded prior to data analysis: one because the child’s
hands were not visible in the video recording and one because the child had a cast on his arm.
Two further participants were excluded during data preparation (see Measures section below).
Of the final sample, three children’s day-night scores were scored as missing: one because the
child did not want to complete the task, and two due to parental help during the task.
Twenty-three 5-year-olds (60.4 to 61.9 months; mean = 61.03 months; 10 girls) participated
in the control condition. An additional six children participated but were not included in the
final sample. Five were excluded prior to data analysis; one child had put the sticker on their
hand and played with it throughout the session confounding the coding of the hand rub
behavior, one had to use the restroom during the story session, one was unable to hear the sto-
ries well, one child’s behavior could not be coded due to a corrupt video file, and for one child
it could not be ruled out that they were mimicking their parent throughout the session. One
additional participant’s data was excluded during data preparation (see Measures section
below).
Participants were recruited from a database of volunteer families representative of the mid-
dle-sized Western European city the research was conducted in. All parents gave signed
informed consent before participation. Children were thanked for their participation with
either a children’s book or 10 euros. Additionally, children received a sticker during the social
manipulation that they could keep. This line of research was approved by the Ethics Commit-
tee of the Faculty of Social Science (ECSW).
Materials
Experimenters. Two female experimenters ran the experiment for all participants (Fig 1).
To maximize children’s ability to identify which experimenter was which, one experimenter
always wore a white T-shirt, had her hair loose, and sat on the left side of the table (from the
child’s point of view), while the other always wore a black T-shirt, had her hair in a braid, wore
glasses, and sat on the right.
Lab setup. The child sat across from the two experimenters and their parent sat next to
them to the side. Each experimenter had a small box with two stickers and a laminated photo-
graph of themselves on their side of the table. Parents were provided with a clipboard with an
overview of the procedure and the CSUS. Two unobtrusive synchronized cameras recorded
the session and could be monitored in an adjacent room.
Day-night task. The task was administered largely following Gerstadt, Hong, and Dia-
mond [26]. First, the experimenter asked the child about when one can see the sun, and if nec-
essary guided the child to the answer “day”, and when the moon is visible (counterbalanced
order), and if necessary guided the child towards the answer “night”. Subsequently, the experi-
menter showed the child one of the cards (e.g. sun) and instructed the child to say “night”
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when they saw this card and asked them to repeat the word, and then did the same for the
other card type. Sixteen trials were presented, of which the first two always included one sun
and one moon card. In each trial, the card was placed face-up on the table and the experi-
menter waited for the child to respond. If the child hesitated, the experimenter asked “What
do you say for this card?” If the child responded incorrectly to one or both of the first two tri-
als, the instructions and first two trials were repeated before continuing with the remaining
cards. Only after the child had responded correctly to the first two cards did the experimenter
continue with the remaining 14. In total, eight cards had a picture of a moon and eight cards
had a picture of a sun. The order was pseudo-randomized for every participant. The experi-
menter did not provide feedback during the session. The other experimenter scored the accu-
racy of the child’s (first) response per trial from the monitor room. Scores were computed as
the sum of trials in which the child responded correctly.
CSUS. The short version of the CSUS consists of 18 questions (2 reverse-scored) answered
on a scale from”1 Definitely Untrue” to”4 Definitely True” or as “Don’t know”. Questions
were translated from English into Dutch by a Native-Dutch speaker and were translated back
into English by a bilingual speaker. Differences between the original and back-translated ver-
sions were resolved by both translators. Scores were computed by calculating the average over
the items, with “Don’t know” items counted as missing, following [24].
Stimulus videos. A projector was setup up such that videos could be projected on a white
wall directly behind where the experimenters had sat during the live interaction. The stimulus
videos, displayed via the projector during the experiment, showed the two experimenters sit-
ting side-by-side in the same manner as during the live interaction (i.e. each experimenter on
her respective side with the same attire and appearance; Fig 1). Thus, the video setup closely
matched the live interaction from the child’s point of view.
Two types of videos were recorded. In the ‘introduction videos’, one of the two experiment-
ers announced, “Hey, we are sitting here now.” There were two versions of the introduction
video, one in which the experimenter on the left spoke and one in which the experimenter on
the right spoke. Both experimenters were smiling and looking towards the camera. In the
‘story videos’, the experimenters took turns telling a “Jip and Janneke” story by Annie M. G.
Schmidt. The experimenter on the left always told a story about sowing seeds and the experi-
menter on the right told a story about picking flowers. While one experimenter told the story,
the other experimenter looked at her. Both stories were supplemented with four pictures that
Fig 1. Still frames from story stimuli videos. A: Experimental condition: the experimenter on the left is performing the hand rub behavior while telling her story and
the experimenter on the right is performing the face rub. B: Control condition. The researchers pictured in this figure have given written informed consent (as outlined
in PLOS consent form) for publication of this figure.
https://doi.org/10.1371/journal.pone.0194102.g001
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the storytelling experimenter held up to the camera in order to maintain the children’s atten-
tion. These were shown at similar points in the two stories: the first after one-fourth of the
story, the second half-way-through, the third after roughly three-quarters of the story had
been told, and the final picture near the end of the story.
In the experimental condition, each experimenter carried out one behavior nearly continu-
ously (as is typical of adult mimicry experiments [7,9,10,27]), both while telling the story and
while listening to the other tell the story (Fig 1A). In other words, both behaviors were shown
throughout the story session, one by one experimenter (e.g. face rubbing) and the other by the
other experimenter (e.g. hand rubbing; counterbalanced). The experimenters performed their
behaviors in partial overlap, often simultaneously but at times only one was performing a
behavior to make the stimuli appear more natural. The face rub consisted of the experimenter
freely rubbing her hand over her mouth and chin and scratching her cheek (right and left
hands were used interchangeably). On average, face rubs were shown for 2.19 minutes per
video. The hand rub consisted of the experimenter rubbing her hands over one another, rub-
bing her wrists, and interlocking fingers. Hand rubbing was shown an average of 2.25 minutes
per video. Behaviors were not carried out by either experimenter while the storytelling experi-
menter was showing a picture, which were shown for approximately 10 seconds each. In the
experimental condition there were four versions of the story videos, as dictated by the four
combinations of experimenter order (i.e. first or second) and experimenter’s behavior (i.e. face
rub or hand rub); each participant observed one of these versions. An example segment of one
of the experimental condition stimulus videos is available in the supporting information (S2
File).
In the control condition, there were two versions of the story video to counterbalance
across participants, as no behaviors were carried out (i.e. experimenter 1 tells her story first,
experimenter 1 tells her story second; Fig 1B). On average, story videos were 5.5 minutes in
duration, with each story taking up about half of that time.
Procedure
Upon arrival at the lab, the child drew a picture while the experimenters explained the proce-
dure to the parents and showed interest in what the child was drawing by asking questions and
complimenting their work. Following this warm-up period, the so-called sticker game (i.e.
social manipulation) started. One experimenter (counterbalanced) would open a small box on
their side of the table, take out two stickers, and exclaim, “Look! I have two stickers! Wow,
these are nice. Look a<picture on sticker, e.g. cat> and a<picture on sticker, e.g. dinosaur>.
Wow, these are nice. Do you like them too?” At this point, the child was given the opportunity
to answer (all children indeed said they liked the stickers). The experimenter then said, “Well,
because I like them so much, I will share them with you. Which one would you like?” Once the
child had chosen a sticker, the experimenter put the other sticker down in front of herself and
said, “Look, now we both have a sticker!” The other experimenter then repeated this proce-
dure, with the exception that, after asking the child if he/she liked the sticker the experimenter
said, “Well, because I like them so much, I will keep both stickers for myself.” The experi-
menter proceeded to place both stickers in front of her.
Next, the ‘sharer’ gave a little box to the child to put their sticker in so that the child would
not have the sticker in her hands during the rest of the experiment. Both experimenters also
put their stickers back into their boxes. The sharer then announced that she would have to go
to the other room but that she would leave a photograph of herself behind and proceeded to
place the photograph facing the child on the table before leaving. After the sharer got up, the
‘keeper’ did the same.
Modulating mimicry
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Once the experimenters had left, the parent asked the child, “If you could play another
game with one of these two ladies, with who would you want to play? Her or her?” Parents
were free to point to the photos of the experimenters and had been instructed to repeat the
question until the child made a choice.
Following this, the introductory video was played via the projector. Parents were instructed
to move their child’s chair back from the table at this point. This was done so that children
would not be leaning on the table nor be able to grasp objects on the table, and to ensure that
children’s hands would be visible for offline coding. Once the child was situated, the story
video was played. Which experimenter spoke in the introductory video, which experimenter
first told her story, and, in the experimental condition, which behavior was carried out by
which experimenter, was counterbalanced across participants. Parents were asked to fill in the
CSUS while their child watched the story videos.
After the stories, the sharer came back into the room and carried out the day-night task
with the child. The session was concluded with the keeper also coming back into the lab. In a
funneled debriefing, the keeper asked the child if she had noticed anything while watching the
videos and, in the experimental condition, whether she had noticed if the experimenters car-
ried out face rubs or hand rubs. To ensure that the child could identify the experimenters, the
keeper asked from whom they had gotten a sticker and from whom they had not (all partici-
pants were indeed able to correctly identify the sharer and keeper). The keeper then apologized
for not sharing, saying that it was not a very kind thing to do and offered to make up for it by
letting the child choose a gift (i.e. the children’s book or money).
Measures
Video recordings were used to code children’s visual attention, face rubs and hand rubs
during the story session, which was performed blind to sharer identity and sharer’s and
keeper’s behaviors. Behavior coding requirements followed the modeled behaviors in the
stimulus videos (see section above). Hence, face rubs were coded when children rubbed or
scratched their faces, with the exclusion of eye rubbing, and hand rubs were coded when
children’s hands or fingers were interlocking or moving over one another or their wrists.
Behaviors were coded from the first video frame in which there was contact between the
hand and target region until the last frame this was the case, if the hand remained lifted for
more than one second.
For both groups, the percentage of the story session time that a child carried out a behavior
was calculated for both behavior types separately. Behavior percentages as a function of time
were selected following the reasoning of Hogeveen and Obhi [28] that percentages measure
the absolute presence of a behavior during an interaction. Additionally, a duration-based mea-
sure is appropriate since the two behaviors could be carried out continuously (as opposed to,
e.g., yawning). Before further measure calculations, behavior percentages were checked for
outliers above 3 SDs from the mean per behavior, per group. This led to the exclusion of two
participants from the experimental group and one from the control group.
Behavior measure calculations were conducted as follows (see also S1 Table). Within the
experimental group, each child’s behavior percentages (i.e. face percent and hand percent)
were divided by the control group’s average behavior percent of the corresponding behavior,
providing “behavior ratios”. The same was done for the sum of both behaviors to obtain “total
mimicry ratios”. Hence, for both the behavior and total mimicry ratios, if a child from the
experimental group’s ratio is above 1, the child performed the behavior(s) more than the con-
trol group did on average, while if it is below 1, the child performed the behavior(s) less than
the control group’s average.
Modulating mimicry
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The calculation of behavior ratios allowed for comparisons within the experimental group
while correcting for possible general differences in face rubbing and hand rubbing prevalence
(as measured in the control group). Thus, this allowed us to collapse across the counterbalanc-
ing of face and hand behaviors to test the difference in the mimicry of the sharer versus the
keeper, referred to as “social ratios”. Additionally, a measure of “selective mimicry” was calcu-
lated per experimental participant by subtracting the keeper ratio from the sharer ratio, pro-
viding a difference score indicating how much more (positive values) or less (negative values)
the sharer was mimicked than the keeper.
Comparisons
For all control and main comparisons, assumptions of statistical tests were checked first and
non-parametric analyses were used when needed. All reported p-values are two-tailed unless
stated otherwise. The measures as well as the inhibitory control and social understanding
scores are available as supporting information (S1 File).
Control comparisons. To ensure that the two groups of participants did not differ in
social-cognitive development, the inhibitory control and CSUS scores were compared. There
were no differences between the experimental and control groups in their day-night task score
nor their CSUS score (ps> .20).
The time children spent watching the videos was near ceiling in both the experimental and
control groups, as on average children watched respectively 99.14 and 98.45 percent of the
story session. In the experimental group, there was no significant difference between how
much of the sharer’s story children watched and how much of the keeper’s story (p>.25). This
is an important comparison as it indicates that potential differences in the mimicry of the
sharer and keeper were unlikely to be a simple effect of having seen one storyteller’s behavior
more than the other’s.
Binomial tests were used to test whether the social manipulation affected children’s explicit
preference to play with either the sharer or the keeper. In both groups, the observed propor-
tions of children who selected the sharer (experimental group = .59; control group = .41) and
keeper (experimental group = .41; control group = .59) did not differ significantly from chance
(i.e. 50%; ps> .40).
Results
To test the first hypothesis that the experimental group mimicked the storytellers, the experi-
mental group’s face rubbing and hand rubbing percentages were compared with those of the
control group. For both behaviors, the control group performed the behaviors for a signifi-
cantly higher percentage of time than the experimental group and these effects were of a
medium effect size (Fig 2A). A Mann-Whitney U test revealed that the experimental group
(Mdn = 0.34%) rubbed their face significantly less than the control group (Mdn = 1.61%),
U = 209.5, z = -2.20, p = .028, r = .31. Likewise, hand rubbing was significantly lower in the
experimental group (Mdn = 4.04%) than in the control group (Mdn = 10.75%), U = 200, z =
-2.33, p = .02, r = .33. This effect remained significant for both behaviors when the ten children
of the experimental group who reported having noticed one or both of the behaviors were
excluded; face rubbing: U = 119, z = -2.370, p = .018, r = .37, hand rubbing: U = 118, z = -2.36,
p = .019, r = .37.
The second hypothesis was tested within the experimental group. Behavior ratios of the
sharer’s behavior were compared with those of the keeper to investigate social (negative) mim-
icry (Fig 2B). A Wilcoxon signed rank test indicated that, contrary to expectation, there was
no significant difference between sharer ratios (Mdn = 0.07) and keeper ratios (Mdn = 0.30), z
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= -1.43, p = .153, r = .27. Instead, sharer ratios (z = -4.35, p< .001, r = .82) and keeper ratios (z
= -3.24, p = .001, r = .61) were significantly lower than 1, as tested with one-sample Wilcoxon
signed rank tests. Thus, on a group level, both the sharer’s and the keeper’s behaviors were
negatively mimicked.
The third and fourth hypotheses investigated individual differences. The third hypothesis
concerned the effect of inhibitory control on selective mimicry (i.e. sharer minus keeper ratios)
and the moderation of this effect by social understanding. This was investigated using a linear
regression with a moderator. A linear regression model with the day-night score as the predic-
tor yielded a model that significantly predicts selective mimicry (Table 1). Adding social
understanding as a moderator of inhibitory control’s effect on selective mimicry did not
Fig 2. Mimicry and social mimicry box plots. A: Experimental and control groups’ face and hand rub percentages. Behavior percentages indicate the percentage of the
story session that children performed the behavior. B: The experimental group’s sharer ratio and keeper ratio. Behavior ratios indicate the proportion of the
experimental group’s behaviors relative to the control group’s mean behavior percentage.
https://doi.org/10.1371/journal.pone.0194102.g002
Table 1. Regression model inhibitory control and selective mimicry.
B SE B β R2
Step 1
Constant 0.884 0.457
Day-Night -0.089 0.036 -.460 0.211
Step 2
Constant 0.865 0.457
Day-Night -0.088 0.036 -.460
Social Understanding Moderator 0.249 0.245 .188 0.247
p = .021
Step 2: ΔR2 = 0.035, p = .32
https://doi.org/10.1371/journal.pone.0194102.t001
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significantly improve the model. The direction of the relation suggests that the better a child’s
inhibitory control, the more negative the difference between sharer and keeper behavior ratios
(i.e. the more they mimicked the keeper; Fig 3).
The fourth hypothesis entailed the relation between social understanding and how much
children mimicked overall. There was a significant positive correlation between children’s
scores on the social understanding scale and the total mimicry ratios (i.e. the summed behavior
percentages relative to the control group’s behavior percentages), r(26) = .32, r2 = .10, p = .048
(one-tailed). This indicates that the higher children’s social understanding, the more they per-
formed the behaviors.
Discussion
The aims of this study were to investigate 5-year-olds’ social behavioral mimicry in a naturalis-
tic interaction and to explore the developmental factors contributing to this behavior. After a
live social interaction in which a child interacted with a kind individual, an experimenter who
shared a sticker, and an unkind individual, an experimenter who kept stickers for herself, chil-
dren observed a video of these two experimenters each tell a short story. During the story
Fig 3. Relation between inhibitory control and selective mimicry.
https://doi.org/10.1371/journal.pone.0194102.g003
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session, the experimental group observed the experimenters rub their face and hands, while
the control group did not see these behaviors. Following the stories, children completed the
day-night task as a measure of inhibitory control. Parents’ evaluations of their child’s social
understanding were collected through the CSUS.
There were four comparisons of interest: (1) behavior percentages in the experimental ver-
sus control groups to test for (negative) mimicry, (2) sharer versus keeper ratios to examine
social mimicry effects, (3) the influence of inhibitory control on children’s selective mimicry of
the sharer over the keeper, and (4) the relation between children’s social understanding and
how much they (negatively) mimicked overall. Although group-level analyses showed surpris-
ing negative mimicry effects (hypotheses 1 and 2), investigations considering inhibitory con-
trol and social understanding did help shed light on the range of (negative) mimicry behaviors
(hypotheses 3 and 4).
First, we investigated whether children displayed behavioral mimicry overall. The percent-
age of time children spent face rubbing and hand rubbing was compared between the two
groups. Significant suppression was found for both behaviors; children in the experimental
group, those who observed the experimenters perform behaviors, performed face and hand
rubbing less than the control group. Importantly, this effect cannot be explained as a conse-
quence of participants noticing the behaviors, as the findings held when the participants who
reported noticing the behaviors during the debriefing were excluded from the analyses. Thus,
overall, there was evidence for negative mimicry, with children seemingly refraining from
these behaviors when they observed others carry them out.
The medium effect sizes of this suppression suggest that the findings are not spurious;
instead, the sole difference between the experimental and control groups’ experience during
the experiment, namely the presence or absence of the experimenters’ behaviors during the
stories, seems to have caused a considerable difference in the two groups’ behavior. Yet, it is
unclear why there would be an overall decrease in behaviors, since previous evidence for nega-
tive mimicry in adults was related to the social characteristics [11]. It could be the case that the
presence of the to-be-mimicked behaviors subtly influenced the “interaction” dynamics in the
experimental group to a degree of decreasing affiliation and thereby reducing affiliative mim-
icry. Live interactions are in constant flux, with both partners mutually adjusting to the other
[29]. In this video-based design, though, the storytellers could not act contingently on the chil-
dren’s behavior in any way. Resembling a context with too little mimicry [30], this lack of any
contingency might have served as a disaffiliative signal towards the child [31], possibly reduc-
ing their mimicry behaviors as a result. Though plausible, this interpretation warrants further
investigations, as previous mimicry studies have successfully utilized video-based methods
before [9,11–13,23,32].
Conversely, the suppression effects might have been a consequence of a high behavior prev-
alence in the control group. Here, the storytellers did not perform any manual actions and, as
was the case for the experimental group, they could also not act contingently on children’s
behaviors through other means. Perhaps this relatively motionless storytelling contrasted too
much with the dynamic live sticker game preceding the stories, making the children uncom-
fortable, causing them to fidget more, and, hence, thereby also perform the target behaviors
more. However, past adult work in support of this design challenges this reason for the sup-
pression effects. In a non-social 1-minute baseline preceding the experiment, behavior rates
were three times higher than those of a matched baseline group like that used in the present
study [23], thus speaking against an increased fidgeting account. Future research in which con-
tingency between experimenter and child are better conserved between experimental and con-
trol groups will be necessary to tease apart these scenarios (i.e. decreased experimental group
behaviors vs. increased control group behaviors) contributing to the negative mimicry effect.
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The second comparison tested whether children’s (negative) mimicry was affected by the
social manipulation. It was hypothesized that children’s behavior ratios for the sharer would
be significantly higher than those for the keeper. In addition, it could be predicted that particu-
larly sharer ratios would be higher than 1, as this would indicate more behavior in the experi-
mental group than in the control group (i.e. mimicry), while keeper ratios might be lower than
1, indicating less behavior in the experimental than control group (i.e. negative mimicry).
However, no difference was found between sharer and keeper ratios. Moreover, both sharer
and keeper ratios were significantly lower than 1, indicating that, on a group level, children
suppressed their behaviors for both experimenters.
A negative mimicry effect has been previously documented in an adult study in which the
more participants disliked the confederates the more negative mimicry they displayed. Yet, in
that study, liked confederates were mimicked [11]. In addition to the earlier discussed possible
influences on total mimicry effects, the lack of group-level differences between the sharer and
keeper in the present study could be due to the keeper’s inconsistent behavior. During the
warm-up period, the keeper and sharer interacted to an equal and positive extent with the
child, and later, following the sticker game, the keeper appeared to cooperate with the sharer
by sitting next to her and telling the child a story. This might have caused children to reason
about why the keeper kept both stickers leading them to overlook this unkind act and still
want to affiliate. It could also have lead children to feel ostracized by this otherwise kind indi-
vidual thereby possibly increasing affiliation goals (e.g. [17,33]). In these situations, children
would hold affiliation goals with both the keeper and sharer, thus explaining why there was no
difference in children’s negative mimicry of the two experimenters.
Whereas the explicit liking measure did not show a significant preference for the sharer,
this finding in itself does not necessarily indicate that the social manipulation was not under-
stood by the children. The phrasing of the preference measure, namely asking the child with
whom they wanted to play if they could play another game, might have been interpreted differ-
ently in the context of this experiment than in previous experiments in which it was deemed
understandable for children of this age [34]. At the end of the experiment, several children rea-
soned that they selected the keeper to try to get the sticker from her, indicating that the ques-
tion might have been interpreted as a repetition of the sticker game. Thus, the liking measure
was not a sensitive measure of children’s true preferences. Indeed, all children could correctly
identify the keeper at the end of the experiment, so there is little reason for children not to
have been sensitive to fairness, an effect demonstrated in several past studies [19–21,35]. How-
ever, the lack of an effect of the social manipulation on children’s (negative) mimicry, as well
as the overall negative mimicry effects, remains up for debate. It could be the case that the use
of behavioral mimicry in interactions, and particularly its sensitivity to social dynamics, is still
developing during early and middle childhood. Hence, whereas some strong social effects
already influence mimicry on a group level at the age of five, such as group boundaries [12],
more subtle or intricate social dynamics might only be visible across children later during
development.
Evidence in favor of a prolonged developmental trajectory of social mimicry comes from
the third analysis, entailing the effect of inhibitory control on selective mimicry. Even though
there were no statistically significant social effects on the group level, individual differences
within the groups could still have affected children’s selective mimicry. Accordingly, we inves-
tigated whether inhibitory control influences selective mimicry and whether this effect is mod-
erated by children’s social understanding. In a regression analysis, inhibitory control
significantly predicted selective mimicry, but the addition of social understanding as a moder-
ator did not improve the predictive power of the model. The model indicates that the more
inhibitory control a child had, the more negative the difference between sharer and keeper
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ratios was. In other words, while children with lower inhibitory control would generally sup-
press the sharer’s behavior less than the keeper’s (i.e. mimic the sharer more), children with
higher inhibitory control would overall suppress the keeper’s behavior less than the sharer’s
(i.e. mimic the keeper more). This relation suggests that, if possible based on their inhibitory
control, children influenced their behaviors in favor of the keeper. Though speculative, this
reasoning is in line with the enhanced affiliation goals for the keeper discussed above. Irrespec-
tive of the precise social motivations, these results provide the first indication that mimicking
during childhood might require some level of behavioral control.
Finally, there was a significant correlation between social understanding and total mimicry
in the hypothesized direction; the higher children’s social understanding, the more behaviors
they carried out. In other words, the children with higher social understanding scores were
also generally the children who suppressed their behaviors less, and a few would even be said
to have mimicked as their total mimicry ratios were above 1. This is in line with the idea that a
general understanding of social interactions and the individuals in those interactions is impor-
tant for the display of affiliative behaviors. That is, it could be that through increasing social
experience and understanding, children’s mimicry becomes increasingly multifaceted. How-
ever, the amount of explained variance (approximately 10%) is arguably quite low, indicating
that this finding, though in line with the a priori hypothesis, should be interpreted cautiously.
The range of the CSUS scores might have limited the strength of the effects of social under-
standing. The CSUS scale ranges from 1 to 4 but the lowest individual score in the present
sample was 2.5, meaning that no participant scored in the lower half of the scale. This lack of
spread might also have limited the statistical sensitivity of finding the hypothesized moderator
role of CSUS on inhibitory control’s influence on selective mimicry. Future research should
investigate individual differences and their effects on children’s development of mimicry in
more diverse samples and different age groups to better understand the relations documented
in this study.
In conclusion, this study was designed to measure social mimicry in young children and
investigate the effects of developmental factors on mimicry’s emergence. Only suppression, or
negative mimicry, effects were found, regardless of the social identity of the interaction part-
ner. On an individual level, inhibitory control predicted the amount of suppression of a shar-
er’s versus keeper’s behaviors. Additionally, social understanding was related to how much
children mimicked overall. Thus, though the findings were limited, this study provides the
first evidence that the occurrence of social behavioral mimicry during childhood is likely a
product of both social and cognitive factors. Moreover, the novel design presented here pro-
vides a naturalistic yet controlled means through which to investigate behavioral mimicry
from toddlerhood to middle childhood. Taken together, this study opens the door for further
investigations into the development of mimicry in early and also later childhood, the social
contexts in which negative mimicry occurs, and the roles of behavior regulation and social
understanding in the development of social interactive behaviors.
Supporting information
S1 Table. Behavior measure calculations.
(PDF)
S1 File. Data file with reported measures.
(XLSX)
S2 File. Segment of a stimulus video.
(AVI)
Modulating mimicry
PLOS ONE | https://doi.org/10.1371/journal.pone.0194102 March 7, 2018 13 / 16
Acknowledgments
The authors are grateful for Cielke Hendriks’ assistance in participant recruitment and data
collection, and would like to thank Angela Khadar and all of the parents and children who par-
ticipated in this study.
Author Contributions
Conceptualization: Johanna E. van Schaik, Sabine Hunnius.
Methodology: Johanna E. van Schaik, Sabine Hunnius.
Project administration: Johanna E. van Schaik.
Resources: Sabine Hunnius.
Supervision: Sabine Hunnius.
Visualization: Johanna E. van Schaik.
Writing – original draft: Johanna E. van Schaik.
Writing – review & editing: Sabine Hunnius.
References
1. Meyer M, Bekkering H, Haartsen R, Stapel JC, Hunnius S. The role of action prediction and inhibitory
control for joint action coordination in toddlers. J Exp Child Psychol. Elsevier Inc.; 2015; 139: 203–220.
https://doi.org/10.1016/j.jecp.2015.06.005 PMID: 26150055
2. Endedijk HM, Cillessen AHN, Cox RFA, Bekkering H, Hunnius S. The role of child characteristics and
peer experiences in the development of peer cooperation. Soc Dev. 2015; 24: 521–540. https://doi.org/
10.1111/sode.12106
3. Meyer M, van der Wel RPRD, Hunnius S. Planning my actions to accommodate yours: Joint action
development during early childhood. Philos Trans R Soc B. 2016; 371: 20150371. https://doi.org/10.
1098/rstb.2015.0371 PMID: 27069048
4. Ladd GW. Peer relationships and social competence during early and middle childhood. Annu Rev Psy-
chol. 1999; 50: 333–359. https://doi.org/10.1146/annurev.psych.50.1.333 PMID: 10074682
5. Plo¨tner M, Over H, Carpenter M, Tomasello M. The effects of collaboration and minimal-group member-
ship on children’s prosocial behavior, liking, affiliation, and trust. J Exp Child Psychol. 2015; 139: 161–
173. https://doi.org/10.1016/j.jecp.2015.05.008 PMID: 26112747
6. Hamann K, Warneken F, Greenberg JR, Tomasello M. Collaboration encourages equal sharing in chil-
dren but not in chimpanzees. Nature. Nature Publishing Group; 2011; 476: 328–331. https://doi.org/10.
1038/nature10278 PMID: 21775985
7. Chartrand TL, Bargh JA. The chameleon effect: The perception-behavior link and social interaction. J
Pers Soc Psychol. 1999; 76: 893–910. https://doi.org/10.1037/0022-3514.76.6.893 PMID: 10402679
8. Chartrand TL, Lakin JL. The antecedents and consequences of human behavioral mimicry. Annu Rev
Psychol. 2013; 64: 285–308. https://doi.org/10.1146/annurev-psych-113011-143754 PMID: 23020640
9. Lakin JL, Chartrand TL. Using nonconscious behavioral mimicry to create affiliation and rapport. Psy-
chol Sci. SAGE Publications; 2003; 14: 334–339. https://doi.org/10.1111/1467-9280.14481 PMID:
12807406
10. Lakin JL, Chartrand TL, Arkin RM. I am too just like you: Nonconscious mimicry as an automatic behav-
ioral response to social exclusion. Psychol Sci. SAGE Publications; 2008; 19: 816–822. https://doi.org/
10.1111/j.1467-9280.2008.02162.x PMID: 18816290
11. Yabar Y, Johnston L, Miles L, Peace V. Implicit behavioral mimicry: Investigating the impact of group
membership. J Nonverbal Behav. Springer; 2006; 30: 97–113. https://doi.org/10.1007/s10919-006-
0010-6
12. van Schaik JE, Hunnius S. Little chameleons: The development of social mimicry during early child-
hood. J Exp Child Psychol. Elsevier Inc.; 2016; 147: 71–81. https://doi.org/10.1016/j.jecp.2016.03.003
PMID: 27060416
13. van Schaik JE, van Baaren RB, Bekkering H, Hunnius S. Evidence for nonconscious behavior-copying
in young children. In: Knauff M, Pauen M, Sebanz N, Wachsmuth I, editors. Proceedings of the 35th
Modulating mimicry
PLOS ONE | https://doi.org/10.1371/journal.pone.0194102 March 7, 2018 14 / 16
Annual Conference of the Cognitive Science Society. Austin, TX: Cognitive Science Society.;
2013. pp. 1516–1521.
14. Wellman HM, Liu D. Scaling of theory-of-mind tasks. Child Dev. 2004; 75: 523–541. https://doi.org/10.
1111/j.1467-8624.2004.00691.x PMID: 15056204
15. Hughes C, Ensor R. Executive function and theory of mind: Predictive relations from ages 2 to 4. Dev
Psychol. 2007; 43: 1447–1459. https://doi.org/10.1037/0012-1649.43.6.1447 PMID: 18020823
16. Caputi M, Lecce S, Pagnin A, Banerjee R. Longitudinal effects of theory of mind on later peer relations:
The role of prosocial behavior. Dev Psychol. 2012; 48: 257–270. https://doi.org/10.1037/a0025402
PMID: 21895361
17. Watson-Jones RE, Legare CH, Whitehouse H. In-group ostracism increases high fidelity imitation in
early childhood. Psychol Sci. 2016; 27: 34–42. https://doi.org/10.1177/0956797615607205 PMID:
26573906
18. Oostenbroek J, Over H. Young children contrast their behavior to that of out-group members. J Exp
Child Psychol. Elsevier Inc.; 2015; 139: 234–241. https://doi.org/10.1016/j.jecp.2015.05.009 PMID:
26105978
19. Smith CE, Blake PR, Harris PL. I should but I won’t: Why young children endorse norms of fair sharing
but do not follow them. Young L, editor. PLoS One. 2013; 8: e59510. https://doi.org/10.1371/journal.
pone.0059510 PMID: 23527210
20. Chernyak N, Sobel DM. Equal but not always fair: Value-laden sharing in preschool-aged children. Soc
Dev. 2016; 25: 340–351. https://doi.org/10.1111/sode.12136
21. LoBue V, Nishida T, Chiong C, DeLoache JS, Haidt J. When getting something good is bad: Even
three-year-olds react to inequality. Soc Dev. 2011; 20: 154–170. https://doi.org/10.1111/j.1467-9507.
2009.00560.x
22. Carlson SM. Developmentally sensitive measures of executive function in preschool children. Dev Neu-
ropsychol. 2005; 28: 595–616. https://doi.org/10.1207/s15326942dn2802_3 PMID: 16144429
23. Emanuel LL. Nonconscious behavioural mimicry: Examining the methods used to produce mimicry and
the automatic nature of the effect [Internet]. Doctoral Dissertation. University of Reading. 2012. Avail-
able: http://opus.bath.ac.uk/30274/
24. Tahiroglu D, Moses LJ, Carlson SM, Mahy CE V, Olofson EL, Sabbagh MA. The Children’s Social
Understanding Scale: Construction and validation of a parent-report measure for assessing individual
differences in children’s theories of mind. Dev Psychol. 2014; 50: 2485–2497. https://doi.org/10.1037/
a0037914 PMID: 25264702
25. Montgomery DE, Koeltzow TE. A review of the day-night task: The Stroop paradigm and interference
control in young children. Dev Rev. Elsevier Inc.; 2010; 30: 308–330. https://doi.org/10.1016/j.dr.2010.
07.001
26. Gerstadt CL, Hong YJ, Diamond A. The relationship between cognition and action: Performance of chil-
dren 3.5–7 years old on a Stroop-like day-night test. Cognition. 1994; 53: 129–153. https://doi.org/10.
1016/0010-0277(94)90068-X PMID: 7805351
27. Cheng CM, Chartrand TL. Self-monitoring without awareness: Using mimicry as a nonconscious affilia-
tion strategy. J Pers Soc Psychol. American Psychological Association; 2003; 85: 1170–1179. https://
doi.org/10.1037/0022-3514.85.6.1170 PMID: 14674822
28. Hogeveen J, Obhi SS. Social interaction enhances motor resonance for observed human actions. J
Neurosci. 2012; 32: 5984–5989. https://doi.org/10.1523/JNEUROSCI.5938-11.2012 PMID: 22539858
29. Kendon A. Movement coordination in social interaction: Some examples described. Acta Psychol
(Amst). Elsevier; 1970; 32: 100–125. https://doi.org/10.1016/0001-6918(70)90094-6
30. Leander NP, Chartrand TL, Bargh JA. You give me the chills: Embodied reactions to inappropriate
amounts of behavioral mimicry. Psychol Sci. SAGE Publications; 2012; 23: 772–779. https://doi.org/10.
1177/0956797611434535 PMID: 22609538
31. Catmur C, Heyes C. Is it what you do, or when you do it? The roles of contingency and similarity in pro-
social effects of imitation. Cogn Sci. 2013; 37: 1541–1552. https://doi.org/10.1111/cogs.12071 PMID:
23915222
32. van Baaren RB, Horgan TG, Chartrand TL, Dijkmans M. The forest, the trees, and the chameleon: Con-
text dependence and mimicry. J Pers Soc Psychol. American Psychological Association; 2004; 86:
453–459. https://doi.org/10.1037/0022-3514.86.3.453 PMID: 15008648
33. Watson-Jones RE, Legare CH, Whitehouse H, Clegg JM. Task-specific effects of ostracism on imitative
fidelity in early childhood. Evol Hum Behav. 2014; 35: 204–210. https://doi.org/10.1016/j.
evolhumbehav.2014.01.004
Modulating mimicry
PLOS ONE | https://doi.org/10.1371/journal.pone.0194102 March 7, 2018 15 / 16
34. van Schaik JE, Endedijk HM, Stapel JC, Hunnius S. Young children’s motor interference Is influenced
by novel group membership. Front Psychol. 2016; 7: 321. https://doi.org/10.3389/fpsyg.2016.00321
PMID: 27014133
35. Paulus M, Gillis S, Li J, Moore C. Preschool children involve a third party in a dyadic sharing situation
based on fairness. J Exp Child Psychol. Elsevier Inc.; 2013; 116: 78–85. https://doi.org/10.1016/j.jecp.
2012.12.014 PMID: 23597498
Modulating mimicry
PLOS ONE | https://doi.org/10.1371/journal.pone.0194102 March 7, 2018 16 / 16
